, but little attention was focused on genetic factors, particularly those affecting reproduction. The present study completes previous observations concerning the variability of the structure of the female genital tract and the influence of various factors (Nardon and Grenier, 1983 ).
S oryzae females have 2 ovaries, each divided into 2 ovarioles. This structure is typical of the Sitophilus genus, as well as of the majority of Rhynchophorinae (Murray and Tiegs, 1935; Vernier, 1970; Ganesalingam, 1974) . At the anterior tip of each ovariole, a bacteriome containing intracellular bacteria is formed (Mansour, 1930; Nardon, 1971) . This apical bacteriome disappears in the absence of symbiotes (Nardon, 1973) .
On account of their economic importance, these weevils have been extensively studied and seem to possess great genetic stability with regard to the few morphological anomalies which have been observed. In S granarius, a wing malformation was noticed by Strong (1959) , and in S oryzae 2 mutations have been described: one affecting antenna and called 'fused antennae' (Campbell-Brown and Champ, 1971) and the other modifying rostrum and elytra morphology ). In another Curculionidae, Hypera postica, some females with 5 ovarioles were observed in a natural population by Hower (1971) but with a very low frequency (0.1-0.2%). The same observation has been made for S oryzae (Nardon and Grenier, 1983 ). However, after irradiation, different kinds of ovarial anomalies could be obtained:
either of functional (absence of oogenesis) or structural origin (variable ovariole number) (Nardon, 1978b; Nardon and Grenier, 1983) . Structural anomalies were the most frequent when young larvae were irradiated during ovary formation since irradiation acts directly on the differentiation process. The persistence of these anomalies in the next generations, as well as the appearance of abnormal females in the progeny of irradiated fathers suggested a genetic determinism.
In Drosophila, genetic studies have shown that the ovariole number varies from 1 strain to another often with a geographical pattern and seems to be under the control of a polygenic system (De Scheemaeker-Louis, 1970 Thomas-Orillard, 1975; Capy et al, 1993) . In some Scarabaeinae, Pluot (1979) (Nardon, 1971 by Nardon and Grenier (1983 In females with 2 ovarioles, but when the bacteriome was divided, even partially, the symbiote number per ovariole was twice as high.
DISCUSSION

Genetic control of the ovariole number
In Drosophila, the study of the influence of irradiation on genesis of the female genital apparatus (Geigy, 1931; Aboim, 1945) showed that its differentiation is largely independent of the germ cells. Nevertheless, in the absence of germ cells, the ovarioles never develop. Therefore, according to Abo ï m, the complete morphogenesis of ovaries results from an interaction between germ cells and mesodermal cells.
In S oryzae, the genesis of ovaries was described by Murray and Tiegs (1935) and Tiegs and Murray (1938) . In the early embryo, the germ cells arise by migration of cleavage cells into the periplasm, at the posterior pole of the egg, and become associated with symbiotic bacteria. The future bacteriocytes of ovaries also develop very early and, when the germ band is formed, they become associated with the germ cells. At the end of the 2nd day, the germ cells come in close contact with the adjacent coelomic sacs and their mass divides into right and left halves. The investing sheath of the gonad arises from the splanehnic wall of the posterior coelomic sac. The genital ducts develop on the 4th day from the mesodermal cells that ensheath the gonad. Shortly before the larva emerges, a pair of solid stalks are formed at the base of the 9th segment where they impinge on the epidermis. Therefore, in the young larva, rudimentary ovaries appear as 2 spherical bodies embedded in the fat body. These ovaries grow and divide into 2 pear-shaped bodies which rapidly expand during the larval stage. In the early prepupa, the development proceeds more rapidly, the stalks lengthen and a lumen is formed. The imaginal disk differentiates into vagina and oviduct. During pupation, the ovarial tubules elongate and bacteriomes containing intracellular symbiotes are formed at the tip of each ovariole (Mansour, 1930; Nardon, 1971) . They disappear in the absence of symbiotes (Nardon, 1973) . The ovary divides from the apex to the oviduct, and all intermediate structures can be found from 4 to 2 typical ovarioles (Nardon and Grenier, 1983 ). This suggests a factor of division acting at the apex of ovaries, perhaps on the terminal filament, as proposed by King et al (1968) and Eiche (1972) in Drosophila, where, during ovarial morphogenesis, the terminal filament seems to determine of the ovariole number. Such a phenomenon probably occurs in Sitophilus.
From this description, it appears that the formation of ovaries results from 3 main events. In the absence of germ cells, it is probable that the rudiment of ovaries is not formed in the egg, and this would explain the fact that some females are completely devoid of ovarioles (table I). This is the first level of control. The second level is the division of the mass of germ cells. In the absence of this division, we obtain females with only 1 ovariole (table I). The third level, and the more frequently affected, is in the larva and the young pupa, where the single ovaries may divide. When the 2 rudimental ovaries divide, 4 ovarioles are obtained, when only one divides, 3 ovarioles are formed, and only 2 ovarioles occur in the absence of division.
In the S oryzae female, our results clearly show, as previously expected (Nardon and Grenier, 1983) , the presence of a genetic determinism of the number of ovarioles. (Robertson, 1957; Teissier, 1958; Melou, 1961) . David (1961) (Thomas-Orillard, 1982) . A maternal effect associated with the presence of a picornavirus also occurs (Thomas-Orillard, 1984; Thomas-Orillard and Jeune, 1985) (Grigliatti and Suzuki, 1971) .
The variation in thoracic bristle number described by Louis et al (1988) Conversely, female body weight is not correlated with ovariole number (females of the abnormal line have similar body weights), but abnormal line females were significantly lighter than those of the normal line. Several hypotheses may explain these decreases in fitness (fertility and weight).
1) The decreasing number of ovarioles by itself should have diminished the female body weight, but this hypothesis can be rejected because a variation from 2 to 4 ovarioles in the abnormal line has no effect on the body weight.
2) A consanguinity effect may have occurred because selection started with a small female number and selection pressure is high. Therefore, an increase in homozygosity might be directly responsible for the reduction in the reproductive fitness of selected strains (Lerner, 1954 , in Pyle, 1976 (Louis et al, 1988) in D simulans, which can modify the thoracic bristle number but also decreases fertility and viability in its host (Comendador et al, 1986) .
5) 
